We present a new design of a Fourier Domain Mode Locked laser (FDML laser), which provides a new record in sweep range at ~1µm center wavelength: At the fundamental sweep rate of 2x417 kHz we reach 143nm bandwidth and 120nm with 4x buffering at 1.67MHz sweep rate. The latter configuration of our system is characterized: The FWHM of the point spread function (PSF) of a mirror is 5.6µm (in tissue). Human in vivo retinal imaging is performed with the MHz laser showing more details in vascular structures. Here we could measure an axial resolution of 6.0µm by determining the FWHM of specular reflex in the image. Additionally, challenges related to such a high sweep bandwidth such as water absorption are investigated.
INTRODUCTION
Optical coherence tomography (OCT) enables the non-invasive study of morphological features of the human retina with high resolution. The transverse resolution is determined by the optical design of the system and aberrations of the human eye. If the latter is corrected with adaptive optics individual photoreceptors can be visualized [1] -even at MHz A-scan rate [2] . The axial resolution is independent of the optics and scales with the square of the central wavelength of the light source and with the inverse of its bandwidth. Since non-sweeping light sources such as super continuum lasers have considerably higher bandwidth than swept laser sources [3] [4] [5] , spectral domain OCT is still superior over swept source OCT regarding axial resolution as shown in Fig. 1 . With spectral domain OCT, ophthalmic imaging with axial resolutions down to ~2µm has been demonstrated [6] . While this might not be required for the diagnosis of most diseases, the diagnosis of some pathologies where individual cell layers are affected might benefit [7] .
The purpose of this research is to push the axial resolution of swept source OCT. Here, we achieve axial resolutions of 5-7µm comparable to typical clinical systems but with a MHz-OCT system. In a first step, we increased the bandwidth of our swept laser source -the FDML laser. Recent technical advances of semiconductor optical amplifiers (SOAs) and chirped fiber Bragg gratings (cFBGs) enabled us to double the sweep range from 72nm to up to 143nm. Then we investigate challenges related to such high sweep bandwidths. axial resolution e output spectr ter the booster d in Figure 6 . measuring the e, as for all fol ate imaging of ly at the pho e the 6.0µm m r the whole sw
TS AND DISC
The PSF has a HM is 7.4µm in pabilities of the r previous low gure 5. Althoug ssels in the upp onds very well w n-which is det rum at various SOA and at th . Considering the resolution values we achieved only resolution levels comparable to standard commercial spectral domain OCT, so right now the system has no "ultra-high resolution", yet. Considering the FFT of a Gaussian shaped spectrum with 120nm at 1050nm center wavelength the axial resolution is 3µm. However, as can be seen the 3dB bandwidth of our spectrum is much smaller, especially considering the effective spectrum after water absorption. Therefore, we believe that there is still potential for improving the axial resolution by spectral shaping by modulating the current of the SOA [45, 46] or an optical filter [47] . 
CONCLUSION AND OUTLOOK
We demonstrated new record high bandwidths of 143nm and 120nm at 417 kHz and 1.67 MHz A-scan rate of a swept laser source at ~1µm center wavelength. The benefits of the higher bandwidth were shown in in vivo human retinal OCT imaging, where the visibility of vascular structures was enhanced. An axial resolution of 6.0µm could be measured by determining the FWHM a specular reflex in an in vivo image. This is within the range of typical resolutions for commercial OCT systems, but at MHz speed. Improvements regarding the spectral shape should improve axial resolution and therefore image quality even further. Moreover, we plan to use a laser diode controller with a higher modulation bandwidth in order to achieve a higher sweep bandwidth for the buffered operation. Our results indicate that swept source retinal MHz-OCT with ultra-high resolution is feasible and provides detailed and rapidly acquired OCT images for better diagnosis 
